Sustainability in innovation activities financing is undoubtedly one of the important requirements that determine the business environment in all developed countries of the world. Different countries apply different innovation models or policies, ways to support or finance their entrepreneurial innovation activities respectively. They significantly shape or cultivate an innovative environment in which different relationships and linkages between actors take place. Therefore, it is necessary to analyze individual determinants, their sustainability, and their efficiency in view of the expected outcomes -environmentally adjusted multifactor productivity growth. We used data from the OECD statistics 2009-2013 for all developed countries in the world. We used DEA (data envelopment analysis) and super-efficiency-DEA method for our international comparative study. Our results show that the developed countries use the combination of private and public financial sources in different way. These are countries that can be perceived as a benchmark -it is therefore possible to compare even partial values of indicators and define public policies for support of selected entrepreneurs. The DEA software also allows you to obtain a numerical benchmark of inputs and outputs for every country. Our finding contributes to the theoretical debate on innovation and eco-innovation models in framework of sustainable development. The results of the analysis confirm the importance of financial sources, human resources and sustainable public sector interventions that influence the environmentally adjusted productivity growth.
Introduction
Many scientific studies and reports from international organizations (i.e. OECD, World Bank) have shown that the environment and the economy are interconnected. It is not possible to separate the effort to preserve the quality of the environment for citizens and to independently implement economic measures that have environmental impacts. Obviously, industrial production itself, but also household consumption (as part of the economy of each country), produce or produce a number of negative environmental effects, causing irreversible degradation of the environment, various ecosystems, resulting in depletion of natural resources, faster changes in nature and weather. These in turn affect the quality of individual people life on different continents (Gu, Willox & Hussain, 2019) . This is countered by individual governments applying environmental policies, spending a lot of money and trying to reverse the consequences. It is not easy at all to set public policy objectives to have positive environmental impacts. For example, in the European Union, there is a harmonized approach to environmental policy such as The Europe 2020 Strategy. The European Commission sets out priority or priority directions under various measures on environmental issues. These measures are subsequently reflected in the financial frameworks. Promoting environmental innovation is one of the important frameworks. These are so-called eco-innovations, which serve to strengthen the economic growth of enterprises and regions, and at the same time to represent a competitive advantage in international and national markets, whilst also undermining the EU's objectives and priorities in achieving environmental goals and standards (Wysokińska, 2016) . Sustainability is an essential component of environmental policy. Thus, individual economic actors must understand that the common endeavor is to continue to provide the services and goods that consumers need, but it needs to be done to avoid environmental degradation. Economic operators are failing in a clean market precisely in the perception of their needs in the short and long term. Thus, there are market failures, the elimination of which is the task of governments and their politicians (Vandermeersch, 2017) . It is important to realize that the intervention of the state into the market mechanism leads to inefficiency and disbalances. Different kinds of public regulatory and reallocation interventions can affect the production capacity of enterprises, so it is necessary to examine the different components of production functions, incorporate elements of sustainability into them and model economic behavior so as not to reduce the production capacity, absorption capacity of enterprises and at the same time to meet the goals environmental policies. The remainder of this paper is structured as follows. In the next section, we present the theoretical background for eco-innovations, production function and multifactor productivity growth. Section 3 provides the characteristics of the dataset and the research methodology. Section 4 presents the experimental results. In Section 5, we discuss the results that were obtained and concluded with the paper for suggestions for future research.
Theoretical Background
Already in studies OECD (e.g. OECD, 2001) , it has already shown that traditional approaches to productive function, respectively enterprise productivity measurement does not take into account any environmental and sustainable principles. According to the OECD, this is because income from the use of natural resources is included in the production function as a capital input (direct cost). The resource rents are mostly not taken into account. It follows logically that increased use of natural resources increases production function and thus productivity. Secondly, it is necessary to take into account also long-term investment costs, or expenditures and removal of environmental burdens. Typically, investment costs are included in production functions, while capital output (return, benefit) of these investments is not included. Again, it can be induced that efforts to reduce pollution increase the productivity rate. These findings must also be incorporated into public policies. There politicians may have a misconception about the sources of productivity growth and hence they can misrepresent public policy (specifically objectives and activities). Typical allocation inefficiency is the consequence of this wrong public decision.
Scholars Brandt et al. (2014) in their studies seeks to modify procedures how to measure the productivity. They defined growth accounting approach to productivity measurement, which helps to better determine the degree of productivity or its flexibility with respect to GDP. Other studies explore the relationship between economy and environment (Stern, 2008 or Stiglitz, Sen & Fitoussi, 2009 ). This study demonstrates the link between business (production) and the environment. These studies perceive productivity as the efficiency of transforming inputs into outputs, which is considerably simplified. Therefore, they propose to measure productivity with multifactor productivity, which describes the relationship between outputs (business performance) and input production factors. The multifactor productivity (MFP) will help detect whether factor utilization efficiency helps increase overall productivity or whether technology or quality has improved, which has impacted overall productivity. Gu, Willox & Hussain (2019) propose to supplement the multifactor productivity by environmental components and estimates of environmentally adjusted multifactor productivity (EAMFP). They supplement the original calculation with the previously unread inputs and outputs described above. They take into account both the environmental dimension and sustainability. They analyzed the Canadian manufacturing sector and have shown that adjusted multifactor productivity is growing more slowly than MFP index. The proposed EAMFP index then corresponds to the logical requirements, i.e. the adjusted multifactor productivity index will grow when reducing environmental damage. Gu, Willox & Hussain (2019) have designed a framework for estimating environmentally multifactor productivity in their work under perfect competition assumption as follows:
where L is labour, K capital, M intermediate inputs, P L wage rate, P K rental rate, P Y price of desirable output, P M price of intermediate inputs.
After adjusting (described in detail in their study) it is possible to write the equation environmentally adjusted multifactor productivity as follows:
where P R is the price of an individual undesirable output to be estimated and R is the observed quantity of undesirable output measured in tonnes. The derivative of lnZ then contains the variables L, K, M).
From the above equations, it is clear that the multifactor production function must contain all the production factors entering to the production, and further variables related to the elimination of environmental damage. Very detailed data inputs are needed to calculate EAMFP and this productivity can be determined in microeconomic and also macroeconomic assumptions. This will allow assessing and comparing the effectiveness of implemented public policies. There are other approaches to macroeconomic assessment of productivity. For example, Égert (2016) uses multi-factor productivity in his study. Its approach does not take environmental aspects into account, but rather addresses determinants such as foreign direct investment or regulatory measures by the public sector. The macroeconomic study was conducted by Rodríguez, Haščič & Souchier (2018) , using the approaches described above, including modified EAMFP index. They used the OECD and G20 data and found that growth in OECD countries was created almost exclusively through productivity growth. The results also point to a shift towards more environmentally friendly production processes in many countries. In fact, most OECD countries have reduced their emissions over the past two decades, and these pollution abatement efforts have led to an upward adjustment in GDP growth rates, allowing an accurate assessment of their economic performance. Other studies that work at the macroeconomic level have analysed the situation in OECD countries is missing. This gives room for defining the goal of our paper. Therefore, we aim to identify OECD countries that have achieved environmentally adjusted multifactor productivity growth between 2009-2010 and 2012-2013 and to analyse which of these countries efficiently used human sources in R&D and public/private R&D spending to reach this growth. Moreover, we aim to propose benchmarks for less and non-efficient countries and some practical implications for policy makers.
Data and Methodology
The data used in this study were obtained from OECD databases while we are focusing only on the selected OECD countries that have achieved environmentally adjusted multifactor productivity growth between 2009-2010 and 2012-2013 (when selecting countries, the availability of the data had to be taken into account). These countries are Austria, Belgium, Canada, Czech Republic, Denmark, Estonia, France, Germany, Israel, Korea, Luxembourg, Sweden, United Kingdom, and United States. In this study, we are using 1-year time delay between inputs (2009 and 2012) and outputs (2010 and 2013) 1 . Based on the previous mentioned studies, as output variable, the environmentally adjusted multifactor productivity growth measured (in %) is used. As inputs, to analyse countries efficiently in using human sources in R&D and public/private R&D spending, following variables were used:  R&D personnel -RDPER (per thousand labour force) that are commonly expected as a key to higher productivity (Zhang et al., 2003) ;  Business enterprise expenditure on R&D -BERD (in % of GDP) because private sector innovation and R&D activities and expenditures substantially contribute to sustainable productivity and growth (Hud & Hussinger, 2015) ;  Government expenditure on R&D -GOVERD (in % of GDP) that support firms' innovation and cooperation that could lead to other positive effects influencing countries productivity (Hu & Yongxu, 2019) . In research, also the control variable was engaged. It is environmentally related tax revenue -ERTAX (in % of GDP) because the stringency of environmental taxes is seen as relevant driver of firms´ as well as countries´ innovation and productivity (see e.g. Franco & Marin, 2017) . Two modeling approaches have been used in this cross-country analysis. We are using Data Envelopment Analysis (DEA) that was widely used in measuring energy and environment efficiency at a macro-economic level (Yang et al., 2015) and super-efficiency DEA (SEDEA). Combination of these two models is commonly used (e.g. Du et al., 2010; Guo et al., 2017) . DEA is an analytical tool that is suitable for efficiency evaluation, evaluation of production capability and performance in an economic entity (input and output units are analyzed). This method assumes homogeneous units, in our study OECD countries are these units (due to the space limitation, here we generally describe selected models, to see more e.g. Halaskova et al., 2018; Prokop et al., 2018) . DEA works on a well-known principle -evaluates the efficiency of input-to-output conversion, measures the effectiveness of this conversion. It assumes that all other decision-making units (DMUs) cannot be greater than 1 (100 %). Some scholars describe that the advantage of DEA analysis is the benchmarking indicators provision. These can be used to update public policy, changing the strategy of the evaluated unit to increase efficiency respectively. Therefore, we are using DEA models to propose these improvements. On the other hand, when multiple DMUs are involved, the traditional DEA models present difficulty in ranking the DMUs and thus make further analysis unavailable. Efficient countries reach the rate of effectiveness 1,000 however, we cannot find out which effective country has achieved the best results. In order to overcome this, to remedy the shortage of these models and evaluate DMUs' efficiencies effectively and realistically, Andersen & Petersen (1993) proposed a super-efficiency DEA. SEDEA can further distinguish efficiency among DMUs and then sort the relative efficiency of these DMUs (Yang et al., 2015) . The SEDEA method can further compare the efficient DMUs whose efficiency scores are all 1,000 in the traditional DEA models because provides an efficiency rating of efficient units similar to the rating of inefficient units in DEA models (Chen et al., 2017) . Therefore, efficient countries could be subsequently compared according the rate of efficiency they reached (the highest value indicates the most effective country -see below). Both models of presented research are based on the assumption of variable returns to scale (VRS). The VRS models work with assumptions assuming different types of revenues (increasing, constant or decreasing; Hudec & Prochadzkova, 2013) . VRS model with variable return scale was used for research presented in this paper. As a possible limitation of these models is that, the SEDEA models under the condition of variable returns to scales may suffer from infeasibility (Fang et al., 2013) . Chen (2005) states that no attempt has been made to solve the infeasibility problem, partly because the meaning of super-efficiency has different interpretations. Therefore, in this study, the countries suffering infeasibility were excluded.
Results and Discussion
To identify the efficient DMUs, first SEDEA model were applied (see Tab. 1 -efficient countries reached the rate of effectiveness 1.000 and higher while the larger value indicates a more efficient country) then, to find proposed improvements how to change inputs and outputs to become (more) efficient, DEA models were applied (See Tab. 2). Lee & Min (2015) state that eco-innovations are strongly related to firms' investment in research and development. However, these expenditures must be implemented within the sufficient innovation environments to enable their effective use and the emergence of innovations and environmental innovations as well as environmentally adjusted multifactor productivity growth. It also could lead to creation of additional effects (e.g. spillover effects 3 ). On the other hand, Lee & Wu (2016) showed that increased R&D expenditures could also have negative effects, e.g. for low-tech firms in Taiwan. These inefficiencies also occur within OECD countries. For example, Khoshnevis & Teirlinck (2018) showed that R&D active firms suffer from technical inefficiency in Belgium. In the case of public expenditures, Xiaoxu et al. (2018) state that governmental expenditures have an inductive effect on corporate R&D expenditures at macro level but at micro level the unified research paradigm has not yet formed. Public innovation policies could therefore generate innovation incentives for enterprises as well as they could have crowding-out effect on firms´ investments. However, Costantini et al. (2015) state there is a growing consensus on the potential pivotal role played by environmental and innovation public policies in promoting economic development while protecting the environment in OECD countries. Similarly, to proposed reductions of public and private R&D expenditures for the most of inefficient countries, the DEA models also suggested reducing in R&D personnel. However, knowledge and human capital represent key sources of competitive advantage and economic growth in the current rapidly changing knowledge economy (Prokop et al., 2017) . Therefore, the firms´ actions related to training, information and dissemination in order to improve the absorptive capacity of human resources are seen to be crucial, specifically to encourage and stimulate the development of eco-innovations (Mondéjar-Jiménez et al., 2013; Díaz-García et al., 2015) . In this case, training employees in environmental initiatives, creating eco-innovative collaboration networks, and adopting environmental management systems prove to be important changes (as opposed to reducing human resources) that could help to increase countries´ efficiency (Huang et al., 2016) .
Conclusions
Many studies have shown that changes in the economic and social environment are accelerating greatly throughout the world. This is mainly due to increased demand for goods and services, as well as significant development of production technologies and information and communication technologies. They enable production to accelerate and become cheaper. However, there is an unfortunate consequence of greater damage to the environment and greater instability in individual countries due to global threats. Therefore, it is necessary to address the role of the state (public sector) in achieving higher economic growth and sustainable development and to emphasize the need for environmental quality. The aim of the paper was to identify OECD countries whose productivity is also achieved by taking into account environmental factors. We also focused on the changes between selected time periods, which were caused by the different use of human sources in R&D and funding methods. The results of our analyse show the importance of the business environment, which must be designed to support entrepreneurs and other economic entities. This environment should be called environmentally friendly eco-systems. The system also includes public interventions in the form of applied public policy or financial frameworks to help implement some environmental measures in practice (Ghisetti & Pontoni, 2015) . In their study, these scholars recommend focusing on the quality and effectiveness of policy interventions, science and research, and the quality of human resources. Prokop, Stejskal & Hudec (2019) stated that the funds from private and public sources for the environmentally friendly eco-systems increasing must be allocated effectively. These scholars recommended that the aim of the expenses must increase the absorption capacity of firms (by increasing efficiency in use of workers' knowledge and skills). Ghisetti & Pontoni (2015) concluded that eco-innovation is connected within the "policy push/pull effect". These kinds of innovations are coupled with policies that support them (policy-driven) or evoke their need (supply-pushed) or demand (demand-pulled; Cleff and Rennings, 1999, Rennings and Rammer, 2009 ). The application of this approach can be demonstrated on biofuels. Costantini et al. (2015) demonstrated the existence of a demand-pull approach in practice and complemented a new approach called "technology-push". They highlighted the importance of other determinants of the entrepreneurial ecosystem and the role of the firm in it. Lee & Min (2015) found that if firms adopt a proactive environmental strategy and manage their business processes, create a competitive advantage, they will gain a unique environment for innovation or to increase their own productivity. Similarly to the other studies for example Melnyk et al., 2003 , Porter & van der Linde, 1995 , Sambasivan et al., 2013 , for the firms' environmental impact to be neutral, it is necessary to reorient (at least partly) to ecoinnovation. Therefore, firms need to invest in new environmental technologies that reduce emissions and emissions. The introduction of eco-innovation can enable the firm to restructure processes, identify weaknesses or inefficiencies in the production of existing products. All this can help to increase the productivity. For future research, we need to find out what other factors influence adjusted multifactor productivity growth, depending on the type of industries and economy development. It can be assumed that the degree of development and public policy focus on environmental issues will significantly determine the efficiency of production capabilities and functions.
Acknowledgement
This paper was supported by the Student Grant Competition (grant no. 18) of University of Pardubice in 2019.
